The Composition of Cauliflower Mosaic Virus Protein
(Accepted I8 December I974) SUMMARY Polyacrylamide-SDS gel electrophoresis indicated that cauliflower mosaic virus (C1MV) particles contain two major and possibly one minor structural polypeptides with rnol. wt. of 68ooo, 420o0 and 55ooo, respectively. Up to seven other minor bands produced by disrupted virus were probably degradation products or stable aggregates of the structural polypeptides. The amino acid composition of C1MV protein differs from that of most other plant viruses in containing about 18 % lysine. The content of basic amino acids in C1MV protein suggests that at least one of the polypeptides is an internal component with a strong affinity for DNA.
Cauliflower mosaic virus (CIMV) has isometric particles about 50 nm in diam. containing I6% double-stranded DNA of mol. wt. 4"7 × lO 6 (Pirone, Pound & Shepherd, 196I; Shepherd, Bruening & Wakeman, I97o; Russell et al. I97I) , and is the most important member of a small but distinct group of aphid-borne plant viruses (Brunt, 1971) . Although the nucleic acid of C1MV has been well characterized, little has been reported previously about its protein composition. Tezuka & Taniguchi (I972b) reported that C1MV protein contained a single polypeptide of 33 ooo mol. wt., but they were uncertain whether another component of 68ooo mol. wt. was a stable dimer of this or a second minor polypeptide; Kelly, Cooper & Walkey (I974) reported recently that CIMV contained six polypeptides with mol. wt. of 27, 32, 40, 67, 92 and IOO × Io ~, the last two of which were glycopeptides. We report here the amino acid composition of the total virus protein and results which indicate that C1MV is structurally more complex than reported by Tezuka & Taniguchi (1972b) but less complex than proposed by Kelly et al. (1974) .
The isolate of CIMV was the same as that used previously (Brunt, I97I ) and was purified from Brassica pekinensis or Brassicajuncea essentially as described by Pirone et al. (196 0. No normal plant constituents were detected in the preparations using the analytical ultracentrifuge, electron microscopy or agar gel immunodiffusion tests with antisera to normal plant components.
Electrophoresis was usually performed in 5 ×75 mm cylindrical gels containing lO % (w/v) acrylamide cross-linked with o'267 % (w/v) NN'-methylenebisacrylamide and polymerized with o'o75 % (w/v) ammonium persulphate in the presence of NNN'N'-tetramethylethylenediamine. Sodium phosphate buffer (o.I M, pH 7"2) containing o.1% (w/v) sodium dodecyl sulphate (SDS) was used as the reservoir buffer and in the preparation of the gels. Virus and marker proteins were prepared for electrophoresis by boiling for I min in a solution containing o.I M-sodium phosphate buffer at pH 7"2, 4 M-urea, 1% (w[v) SDS and 1% (v/v) 2-mercaptoethanol. About 3o #g of C1MV was loaded on to individual gels and the following marker proteins, with mol. wt. as indicated, on others in various combinations using about Io #g of each per gel: bovine serum albumin (67ooo), catalase (60 ooo), ovalbumin (43 ooo), aldolase (4oooo), pepsin (35 ooo), carbonic anhydrase (29 ooo), ,-chymotrypsinogen A (25 7oo), trypsin (23 5oo), myoglobin (I 7 2oo), haemoglobin (16 ooo) and cytochrome c (124oo). Electrophoresis was at 5 mA per gel for the first I5 min, and then at 8 mA per gel for 3"5 h. The gels were stained with Coomassie blue and mol. wt. were estimated as described by Weber & Osborn (I969) . C1MV protein produced multiple bands in gels, but their number and intensity varied with the freshness or subsequent treatment of the virus preparations. Fresh preparations produced up to ten bands in IO % gels (Fig. I a) , but subsequent results indicate that two or three of these components are structural polypeptides and the remainder either their degradation products or stable aggregates. When electrophoresed in gels of lower acrylamide concentration (Table I) , increased migration distances and spreading of bands resulted in the apparent loss of five minor bands and a gradual but statistically non-significant decrease in the estimated mol. wt. of three components; the tool wt. of most components were therefore probably best estimated from Io % gels. In fresh preparations, band no. 7a was always the the major component, band no 3 a was always conspicuous and band no. 5 was invariably present as a minor component. Of the seven other minor bands, no. I and 2 were always conspicuously present and often occurred as doublets; as they penetrated Io and 8"5 % gels by less than 2"5 mm, better estimates of their mol. wt. were made from 5"5 and 7 % gels. The remaining bands contained very small and variable amounts of material and, although three (4, 6 and IO) were regularly present, the other two (8 and 9) were detected infrequently. None of the ten components was found to be a glycopeptide or polypeptide in complex with fragments of virus DNA; thus, when comparable gels were stained in Coomassie blue, Schiff's reagent or toluidine blue, the C1MV components stained only with Coomassie blue although yeast RNA and ovalbumin glycopeptide were readily detected in other gels. No bands were produced when undisrupted virus was electrophoresed in 7, 8, 9 and IO% non-denaturing acrylamide gels (Ornstein & Davis, 1964) ; the minor components i~, disrupted virus are thus unlikely to be produced by partially disrupted C1MV particles or by protein loosely associated with the capsid surface. The same virus preparations were electrophoresed after: (i) storage at I8 °C for I to 8 weeks, (ii) boiling with disrupting fluid for 15 min or (iii) repeated freezing, thawing and boiling for I min. Such treatments (Fig. I b) caused partial to total loss of bands 3 a and 7 a, and the appearance or intensification of bands 3b and 7b; the former are thus probably normal capsid polypeptides, and components 3 b and 7b their respective degradation products. This interpretation is consistent with much recent evidence that virus polypeptides are degraded either by prolonged boiling with disrupting fluid (e.g. Matthews, 1974; Ziegler, Harrison & Leberman, I974) , or by contaminating plant or bacterial proteases (e.g. Mayo & Cooper, 1973) . Band 5 was always detected and is probably a third structural polypeptide, although its slightly higher concentration in some stored preparations suggests that it also might be a degradation product. The relative proportions of components 3 a, 3 b, 5, 7a and 7b in fresh preparations were consistently about 0.2, o, o.i2, 0.62 and 0"06, and in aged preparations 0.02, 0.02, o'19, o to o.6 and o to o.8. Five of the minor components (4, 6, 8, 9 and IO) were either partially or totally destroyed by each of the three treatments and their occurrence in very low and variable amounts, even in fresh preparations, indicates that they are polypeptide degradation products. By contrast, band pairs I and 2 were unaffected by any of the three treatments. The C1MV genome can potentially 'code' for polypeptides with an aggregate mol. wt. of 24oooo and, as the double bands I and 2 would together require more than twice this coding potential, they are unlikely to be virus-coded polypeptides. Furthermore, as they are apparently neither plant glycopeptide contaminants nor virus DNA-polypeptide complexes, they are possibly produced either by stable aggregates formed by irreversible polymerization of polypeptides in vitro (Durham, I972) or by coat protein subunits attached by non-disulphide covalent bonds (Rice, 1974) .
Short communications
In other tests the electrophoretic system used by Kelly et al. (1974) was less satisfactory for mol. wt. determinations; several of the marker proteins produced very diffuse bands, and only bovine serum albumin, aldolase, c~-chymotrypsinogen A and haemoglobin were regularly measurable. However, using these four markers, components 3 a, 7 a and 7 b had tool. wt. (67ooo, 43ooo and 4oooo respectively) which were in close agreement with those obtained previously.
We, like Tezuka & Taniguchi (I972b) and Kelly et al. (I974) , detected a component with a tool. wt. of 67o0o to 68o00; however, both these groups reported that the major structural polypeptide has a tool. wt. of 32ooo to 33o0o whereas we estimate its weight as 42o00. The tool. wt. of our components I and 2 are similar to those of the two larger species of Kelly et al. 0974 ), but we conclude that they are not glycopeptides but polypeptide aggregates. Moreover, although we detected three components with estimated tool. wt. similar to those of the three smaller polypeptides reported by Kelly et al. (I974) , we consider that only the largest of the three (42ooo mol. wt.) is a major structural polypeptide.
The amino acid composition of the C1MV protein was determined by hydrolyzing purified virus for 24 or 72 h in 6N-HC1 at IO5 °C; these hydrolysates were light brown due to the presence of nucleic acid. Excess HC1 was removed by flash evaporation, and the samples were dissolved in o.a M-sodium citrate buffer at pH 2.2 before analysis in a Beckman amino acid analyser. To determine the content of cysteine and methionine, virus samples 
IO 5 were oxidized with performic acid for 4 h, and dialysed against distilled water before hydrolysis in 6 N-HC1 for 24 h. The molar percentages of the amino acids in three fresh C1MV preparations differed by less than 5 %, and the mean values from three analyses (Table 2) show that C1MV protein is unusual in having a lysine content (I 8 %) which is much higher than that of plant viruses analysed previously (e.g. Tremaine & Argyle, I97o); furthermore, lysine and arginine, the two amino acids with strongly basic side chains, together comprise almost 23 % of the virus protein. Spuriously high values for glycine are sometimes obtained when protein hydrolyzates are contaminated by nucleic acid (Markham & Smith, 1949) . However, in further tests, the glycine content of a nucleic acid-free protein preparation was closely similar to that obtained previously (Table 2 ).
The significance of the unusually high content of basic amino acids in C1MV protein is uncertain. However, about 2o % of the total protein of adenovirus type 2 is composed of two highly basic polypeptides which each contain about 19 % arginine and characteristically form stable complexes with DNA (Prage et al. 197o) ; similarly, three of the seven polypeptides of polyoma virus with high lysine:valine ratios have a strong affinity for DNA (Crawford, I968; Roblin, H~rle & Dulbecco, I97I) , and some T-even bacteriophages (TzH, T2L, T4B, T4 D and T6) each contain two internal polypepfides with a lysine content of about 17 % (Stone & Cummings, 197o) . The stepwise degradation of C1MV particles by treatment with pronase indicates that its structural subunits are present in two or three layers (Tezuka & Taniguchi, I972a) . The structural polypeptides of C1MV have yet to be separately characterized and their structural functions determined; however, the content of basic amino acids in the total C1MV protein suggests that at least one is an internal component with a strong affinity for DNA.
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